Abstract--Statistical analyses of chemical data from the literature of corrensite minerals suggest a large compositional variability, more evident in octahedral than in tetrahedral coordination. Mg occupies 40-80% of the octahedral sites, with A1 and Fe 2+ making up the remainder. Approximately 15-30% of the tetrahedral sites are filled by A1. Despite this compositional variability, distinct fields for the several types of mixed-layer trioctahedral chlorite/trioctahedral swelling layer are not apparent. Statistical analyses of the composition of corrensite compared with saponite, vermiculite, and chlorite suggest that corrensite is an intermediate between trioctahedral chlorite and trioctahedral smectite. If Fe/(Fe + Mg) > 50%, chlorite alone is favored, but with increasing Mg, chlorite appears to transform into corrensite and then, by iron oxidation, into trioctahedral smectite. Despite the chemical variability between corrensite, chlorite, and saponite, corrensite appears chemically to be a well-defined species. On the other hand, corrensite cannot be characterized chemically on the basis of its swelling component. Thus, the current definition of corrensite as a regular 1:1 interstratification of trioctahedral chlorite and either trioctahedral smectite or vermiculite is appropriate.
INTRODUCTION
Clay minerals which yield an X-ray powder diffraction (XRD) reflection at 32 ~ with ethylene glycol or glycerol treatment have been described from a number of genetic environments. Lippmann (1954) gave the name corrensite to one of these materials and defined it as a regular 1:1 interstratified trioctahedral chlorite/ swelling chlorite mineral. He subsequently referred to the swelling component as vermiculite (Lippmann, 1956) , and later as "expandable layers" (Lippman, 1957 , 1976 , Lippmann and Johns, 1969 . The existence of a "chlorite/swelling layer interstratification" is now generally accepted, hut the swelling component is still not well characterized, mainly because of its variable behavior in standard solvatation and heating treatments (Lippmann, 1954 (Lippmann, , 1956 (Lippmann, , 1976 Bradley and Weaver, 1956; Earley et al., 1956; Sudo and Kodama, 1957; Alietti, 1957a Alietti, , 1957b Martin Vivaldi and MacEwan, 1960; Sugiura, 1962; Almonet al., 1976; April, 1980; Churchman, 1980) . The XRD features of this material can be summarized as follows: the untreated material gives rise to a reflection at 29-31 /~; after the sample is treated with ethylene glycol, this reflection expands to 31-33 /k; after the sample is heated to 550~ the reflection collapses to 23-28 /~ (Bailey et al., 1982) . The thermal behavior of this material has also been widely investigated, but the data are difficult to use because the experiments were commonly insufficiently detailed. Usually the chloritic component is suggested by endothermic peaks at 500-600~ and 810-950~ whereas endothermic peaks at 200~ are assigned to the swelling component (Mackenzie, 1972) . A review of Copyright 9 1984, The Clay Minerals Society chemical analyses from the literature also shows a large compositional range for the swelling component of socalled corrensites.
Based on the different nature of the swelling component, several definitions ofcorrensite have been proposed. In particular, Galan and Doval (1977) suggested retaining the name corrensite for a regular interstratification ofchlorite/saponite only and assigning two new, distinct names to the regular interstratification of chlorite/swelling chlorite and chlorite/vermiculite. The Nomenclature Committee of The Clay Minerals Society, however, defined corrensite as a 1:1 regular interstratification of trioctahedral chlorite with either trioctahedral smectite or trioctahedral vermiculite (Bailey et al., 1982) .
A literature review of so-called corrensites shows a large variability in the crystal-chemical features of these materials. In particular, it is not clear, from the chemical point of view, whether all of the so-called corrensites described in literature can be considered as a single mineralogical species. The aim of the present study was to assess the variability of the crystal-chemical features of the materials described in literature as corrensite and to distinguish, if possible, different compositional ranges for the various materials that have been reported.
EXPERIMENTAL
Chemical analyses (Table 1) and b dimensions (Table 2) of corrensite materials were selected from the literature. Only the analyses where the authors stated the type and degree of impurities present were considered, and among these, only those where the mineral Melnik (1959) 14.73 Brigatti and Poppi (1984) 15.03 Brigatti and Poppi (1984) 11.10 Brigatti and Poppi (1984) J C/Sap = chlorite/saponite; C/M = chlorite/montmorillonite; C/V = chlorite/vermiculite; C/SC = chlorite/swelling chlorite; AI-C/M = Al-chlorite/montmorillonite. corrensite was present in amounts greater than 70% miculite, C/SC = chlorite/swelling chlorite, and A1-C/ were selected. The chemical analyses and mineralogical M = Al-chlorite/montmorillonite. designations as proposed by the referenced authors are Assuming the minerals to be interstratifications of listed in Table 1 , wherein C/Sap = chlorite/saponite, chlorite and some type of smectite, the formulae were C/M = chlorite/montmorillonite, C/V = chlorite/verrecalculated by: (1) balancing the charges on the basis Source and symbolism listed in Table 1 .
of 50 negative charges (O20(OH)1o); (2) assigning all of dinations. The recalculated chemical formulae are listthe Si to tetrahedral coordination together with enough ed in Table 3 . A1 to bring the total to 8; (3) assigning Ca, Na, and K Correlation tests were performed by means of a to interlayer positions of the swelling component; (4) BMD02R stepwise multiple-regression program. The assigning all the residual cations to octahedral coorvariability of chemical properties was studied by Klovan and Imbrie (1971) and Davis (1973) . The purpose of this analysis was to ascertain the similarities among several samples on the basis of prefixed variables (chemical data in this study). At first, all variables were reduced to a percentage of their range of variability and so normalized. An n.n correlation matrix (n = number of samples) was created, and from this a prefixed number p (p < v) (where v is the number of variables) of eigenvalues and eigenvectors was extracted (principal factor score matrix). A p-dimensional space was so created where the coordinates of the samples were obtained by multiplying the elements of the eigenvectors matrix by the values of the corresponding variables (principal factor loadings). Three p factors (F. 1, F.2, F.3) were rotated in p-dimensional space where the variance of the sample loadings was maximized (varimax factor score matrix). The coordinates of the samples in this new space were obtained as described above by multiplying the elements of the varimax-factor score matrix by the values of the corresponding variables. The sum of the square of these coordinates (communality) provided an index of the reliability of this set of data to explain the variance of the samples. To visualize the results, the coordinates so obtained were normalized and plotted in triangular diagrams whose apexes represent the three factors (F. 1, F.2, F.3). The computer program was used to distinguish different corrensite-type minerals from a chemical point of view. In analysis (1), all proposed definitions (as in Table 1 ) were considered. In analysis (2), the samples were redefined as low-charge corrensite (C/Sap and C~ M) and high-charge corrensite (C/V and C/SC); the AI-C/M was not considered. In analysis (3) all of the samples (except AI-C/M) were compared to saponite and vermiculite (the chemical formulae of saponite and vermiculite were derived from literature analyses reported by Brigatti (1982) and Brigatti and Poppi (1980) and recalculated as previously described for corrensite). In analysis (4) all of the data in analysis (3) were compared to trioctahedral chlorites whose chemical formulae were also recalculated as corrensite from the chemical analyses in Foster (1962) . In all analyses, data not sufficiently detailed (communality < 0.98) were not considered. The meaning of the vertices (F. 1, F.2, F.3) in the triangular diagrams (Figure 1 ) can be deduced from the varimax factor score matrix relative to each one of them (Table 4) .
RESULTS
The correlation matrix between b-dimensions and chemical properties of corrensite is given in Table 5 . The b-dimension seems to correlate principally with the charge unbalance and the amount of octahedral Mg, but the low variation of the b-dimension and high distinct from the C/M materials. Apparently F. 1 (principally affected by Mg in octahedral coordination) discriminates the C/V materials even if some C/Sap materials fall into the C/V area.
Analysis (2).
A high Mg content in octahedral coordination seems to characterize high-charge corrensites, but some low-charge corrensites also plot in this area. Low-charge corrensites fall into a very large area compared with that of high-charge corrensite because of the larger compositional range of the low-charge materials.
Analysis (3).
The vermiculites, saponites, and corrensites plot in three distinct areas. The broader compositional range of corrensites (in particular AI in the octahedral sheet) and the differentiation of the three groups on the basis of their chemistry can be deduced from the diagram.
Analysis (4).
On the basis of F. 1 (principally affected by octahedral Mg content), saponite and vermiculite can be distinguished from chlorite and corrensite, whereas, F.2 (principally affected by Fe in the octahedral sheet) distinguishes corrensites from chlorites. Corrensite has a larger compositional area than chlorite.
DISCUSSION AND CONCLUSIONS
The distinction between vermiculite and saponite has generally been made on the basis of layer charge that is clearly correlated with the composition of 2: l silicate layer. The experimental tests to determine the layer charge of smectites are relatively standardized (Brindley and Brown, 1980) , and thus chemical treatments to distinguish vermiculite from saponite are commonly used to characterize the swelling layer component of corrensite and, thus, to describe the corrensite itself. The compositional variability of corrensite is due to the compositional range of both the swelling and the nonswelling component; the chemical variability is higher in the chlorite layers than in the swelling layers. The data used to evaluate the swelling layer charge are, thus, not reliable for corrensites because of the large proportion of the chlorite component in the total composition.
Compositional transitions between chlorite, corrensite, and trioctahedral smectites (such as saponite or vermiculite) are also evident. The continuous chemical variation of corrensite between trioctahedral chlorite and saponite or vermuculite can be hypothesized on the basis of Mg and Fe mobilization, probably due to hydrothermal solutions, as is shown in analysis (4) of Figure 1 . In particular, Fe appears to play an important role in the chlorite-smectite transition, as is shown also in Figure 2 . In this triangular diagram, saponite, vermiculite, corrensite, and chlorite are plotted in terms of their octahedral population (A1-Mg-Feto0. It can be seen that AI always constitutes less than 30% of the octahedral populations, whereas a continuous range between Fe and Mg is shown. Where Fe/(Fe + Mg) > 50%, only chlorite is present: with an increase in Mg, chlorite seems to transform into interlayer minerals (such as corrensite) and finally (probably because of iron oxidation, as is shown in analysis (4) of Figure 1 ) into trioctahedral smectites, such as saponite and vermiculite.
The statistical analysis shows that although chemically corrensites can be distinguished from saponites, vermiculites, and chlorites, distinct compositional fields for the various types of mixed-layer chlorite/swelling layer minerals cannot be drawn. Thus, corrensite must be described chemically as a mineralogical species characterized by an interstratification ofa trioctahedral chloritic component and an ill-defined trioctahedral swelling component, as suggested by Bailey et al. (1982) from a structural point of view.
